PATENT ABSTRACTS OF JAPAN 



(ll)Publication number 



(43)Date of publication of application 



10-053495 



24.02.1998 



(5l)Int.CI. 



C30B 29/38 
C30B 23/00 



(21) Application number : 09*094078 

(22) Date of filing : 11.04.1997 



(71) Applicant : SUMITOMO ELECTRIC IND LTD 

(72) Inventor : TANAKA MOTOYUKI 

SOGABE KOICHI 



(30)Priority 

Priority number : 08141236 Priority date : 04.06.1996 Priority country : JP 



(54) NITRIDE SINGLE CRYSTAL AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a nitride 
single crystal having high quality to satisfy the 
characteristics for practical use and a sufficiently large 
size to enable the practical use as a bulk material and 
to provide a process for the easy and efficient 
production of the single crystal. 

SOLUTION: A powdery mixture of a nitride powder 
and an oxide powder or a powdery amorphous nitride is 
used as a raw material powder 7 and heated in 
nitrogen atmosphere at a temperature lower than the 
sublimation temperature or the melting temperature of 
the nitride to effect the decomposition and evaporation 
of the nitride powder and the growth of the crystal of 
the decomposed and evaporated component from the 
vapor phase on a substrate 8. A large-sized nitride single crystal containing little impurity and 




having a dimension of e.g. >10mm in length and width and >300um thick or >20mm long and 
>10um diameter can be produced in a short time. 
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ofc<0S:KJpH t USl twWEbfCo * l com 

*«2^*5Jt4K»2~9<OjK*»BE (Pr) M\ IMS 

[ 0 0 4 7 ] 
[*1 1 









fit 




0 2 #EE 


Pr/Po 




MM 




(MAIN) 


(Torr) 


CO 


(Torr) 




PC) 


l 


Ti0 2 


0. 2 


N 2 (760) 


1800 


0. 005 


2.0 


1700 


2 


Ti0 2 


0. 005 


N 2 (760) 


1800 


0. 05 


2.0 


1700 


3 


Ti0 2 


0. 75 


N 2 (760) 


1800 


0. 05 


2.0 


1700 


4 


Ti0 2 


5. 0 


N 2 (760) 


1800 


0. 05 


2.0 


1700 


5 


Ti0 2 


12. 0 


N 2 (760) 


1800 


0. 05 


2.0 


1700 


6 


Zr0 2 


0. 2 


N 2 (760) 


1800 


0. 05 


2.0 


1700 


7 


v 2 o 5 


0. 2 


N 2 (760) 


1800 


0. 05 


2.0 


1700 


8 


Cr 2 0 3 


0. 2 


N 2 (760) 


1800 


0. 05 


2. 0 


1700 


9* 


Ti0 2 


0. 2 


N 2 (760) 


2300 


0. 0002 


1000 


2100 



[004 8] 



[*2] 



(8) 



mmW- 10-53495 





(inm) 


— \ U ll lL 


A 1 




.(pp. 1 


1 


10X10 


7100 


Q9 


8 


Ti 


0.06 


4fi0 


2 


10 X 10 


320 


92 


8 


Ti 


0.01 


1 90 


3 


10X10 


R900 


Q9 


8 


Ti 


0.02 


^O 


A 


10X10 


6400 


92 


8 


Ti 


0. 1 


A 1 f\ 

41 U 


5 


10X10 


5800 


92 


8 


Ti 


0.2 


610 


6 


10X10 


4300 


92 


8 


Zr 


0. 03 


230 


7 


10X10 


9600 


92 


8 


V 


0. 1 


390 


8 


10X10 


6100 


90 


8 


Cr 


2.0 


470 


9* 


4X4 


1900 


100 


0 


Ti 


0.05 


110 


(tt) 







[0 0 4 9] ±EtO*£*a>£>#a>5 ± 
KJliXli, J§qsf£ LtA 1 NOiW (2 2 0 0°C) 
±9 fcffiv loiofflti^WTlt^ 

5o L^fc, WbixSA 1 N^^m^^t 1 Omm 
[0 0 5 0] Lt^U JttSCToKJpl- 9 tc^-rr 4: < , A 

it^ 1 0 Sjffi;t3*fcN-5^li»*0*^*a« 5 0 0 p p 
»R8T1i»kftt»*t IXC r 2 0 3 »*S:JHv^<Z> 

[0 0 5 1 ] Ht£gj|3 

BRfm*k vxntimmmm i tua-oA i n»**t i 



S i C^^ B B B «$:S«^ ttffli^o 
[0 0 5 2] Lfcin*tfp 1 Us 13 J: b 

rtffllrEfit5BNtS«l lS:«ttfO«Btt<DtOi: 

Lfc 0 roADift^l ^^(DBNTOl 1 fo\z±mm 

[0053] tie* 3 ir#K»r t \zwn&<om^¥F 

«3t*5*t5#Kft^EPrll #l«^ttt» 
A Lfc7K*#* id ± 5 fc O-efc 5o 

[0054] 

[*3] 



[0 0 5 5] 







jfxK.jj Annas 




Pr/Po 




MM 




(Torr) 




< C C) 


(Torr) 




CC) 


10 


N 2 + 30%H 2 


760 




1800 


0. 0005 


500000 


1700 


n * 


Ar-f 30%H 2 


760 




1800 


0. 0005 


500000 


1700 


12 


N 2 + 2%H 2 


760 




1800 


0.5 


30 


1700 


13 


N 2 +10%H 2 


0. 05 




1800 


0.01 


0. 5 


1700 


14 


N 2 4-90%H 2 


10 




1800 


0. 0002 


50000 


1700 


15 


N 2 + 90%H 2 


100 




1800 


0. 0002 


500000 


1700 


16 


N 2 + 90%H 2 


760 




1800 


0. 0002 


3000000 


1700 


(80 




















im4] 




















(nun) 


(urn) A 1 




(ddiii) 




10 


10X 10 


8700 


95 


5 


Ti 0. 06 


450 




11* 














12 


10X 10 


9800 


97 


3 


Ti 0. 06 


650 




13 


10X10 


9700 


99 


1 


Ti 0. 06 


560 




14 


10X 10 


8800 


95 


5 


Ti 0.06 


470 




15 


10X10 


7500 


93 


7 


Ti 0.06 


210 





(9) 



4#P?U¥ 10-53495 



16 10X10 6800 85 15 

(ft) *to*«:#bfclWlt*|ii 

*#£E#0. 0 lTo r r fea*.5l*»l 2&t>*P r / 
Po5)EJt^l*I(7)^l 3TU jl^AlN^ 
5 0 O p pm5rgiTL^V\ JS 
i^P r/Po^JEJt^l 0 6 ^r@^5Wl 6 "CrttS* 

[0 0 5 7] gjfcjgU 

1 T^/B L7t A 1 NfJ&i 6 9 . 6 g t *B« 9 9 % 
(DGa 2 0 3 g*4 6.9g (A 1 Nlr^fSG a 2 0 3 W 
^EvHfcO. 1 5) £^ /-/utt'S^t, ft*ttE 

«V^t>Oi:RICBI3^-fiDj»jpi SrftffiU, J*»bfc 
JKW»*7ttBNi1fflftl l^jESHcffiBU S4E8ttSI 
Jfe^J 1 £ PMIHr a 1 N«6ttff«-e3£«F ttra©* 7 o 

[0 0 5 8] Z<D#tmX\ *D»ff 1 <^rt«BSr39tggg|# 

TrtS^EASrlOTor rl:ftSU^^ KC»»5fc 
7^1 5 0 0°C^t^S®8 £ 110 0 °C ;£ -e#^ LT 5 

(10.0 0 5Tor r, RXfP r / P o#JEJfcti:6 0 0 

[0 0 5 9] ^^gl SiCW*^/^S«8 
lw«\ ft£ Xffij&S 10X1 OrarafloS*^ 710m 
ni^AlGaN^ B B B ^«^n/c 0 £ (O*§ H %C0 A 1 & 
i:Gai^!tlt ^IS H |*^Ii^^C0 9 5^ 

/u%-e«? 5 s *mm\$ s -e^%. ^stst* i 5 o P P m 

[ 0 0 6 0 ] Hfeffij 5 

;9 9%<DG a N& v ^4 1 . 9 g tH»« 1 tHjtJB L 



fcT i 0 2 $&3fc4 0. 0 g (G a NI:»t5T i O 2 C0^ 

1 Ommfi^cl^ > hSftfcA 1 .O^^^^f: 
Lfc 0 

[0 0 6 l]fffl LfciO*MF 1 tt, 0 4 ^^i-tStt^^" 
««TeBlcSfe v >K— h 1 3«rffi«U ^Oii^^bfc^ 



Ti 0.06 130 

<0*ffi<D[HIHtt 5 mm i Lfc Q 
[0 0 6 2] r^jRffi-c, ^3£*8l 2(DrtSB«:Jt3g3| 

Xftn<D±jfXf£Jj$:7 6 0Torra, 7 
£Ga N<7?5>ft??a*l 1 0 O^ct «9 1 0 0 0°C^# 
ffiU J.oS®8li9 0 OtH^tt 1 2^^1^L 
/Co r.<0<!:§^ *16W1 tlRl«0*jfe^J:9i£S8<3!>H 
ffl^#H«^Sr»WLfctr^. **»JEli0.0 0 
02Torr, 2fctfP r/P o^BEJttt3 0 0, 0 0 0 

[0 0 6 3] A l 2 0 3 *«i«^b*SS«8<D±^J|g 
j££fttf:G a N^Stf. ftSxB^S 10X1 Omrat 
loIW8 0 0/im-C'*^ Z.<Of&£k l $<D^3SSlft<D 

fc^tt-tZG a *tt 9 5 -=e/u%-cfc 9 > TkHtgfi 5 
K**fil 0 0 p praT'fco/:, 
[0 0 6 4] |g jfe^il 6 
HJ&^J Ul^lCAl N*&;fc4 0. 5 g(atltM9 9 

ttl3 2<Ofc<£><H£/SU ^^ v *7^0^^8(D|dgt> 

m2tmmt ufc 0 

[0 0 6 5] ~ <D^tffiT% JJDSSjP 1 tf>F*3g&S:S£§l # L 
ti^^ LTrtaoi^^EASr 7 6 0 T 

o r r t U ®£Hft* 7 £A 1 N <Dftffi&&X&> 5 2 2 

0 0°CX 1 8 0 0 < Clr#»U JLo£«8li 1 7 

1 fclSfit^^ffi^ J: 9Stfi8<7)Ji][g<7)#B^;tf;*£^W 
Vtct^Z>, mMft&teO. 0 0 8To r rt'fc!), P 

r /P o5>BEJttt2Tfeofc 0 

[0 0 6 6] w<D*£*, ^f^fH, Sffi8±iCg 
$ xti^s 10X1 OmmCOB A 1 N i^Be^qf ^^7t 0 

#bn/c#rfg B a B (7)fms^^^5 ic^r^bfco faj, 
^m<oft4t>, ai drB^itift^st^iei 

T\ Al t BU^<O^m^l±0^^%Xh^tc o TIS 
*5(OgS^b, BkAljN^m 0.4 7^k 

^0.5 3o«H»-*5v^T^^!y«:S¥ta^)*jie*^ 

[0 0 6 7 ] 
[315] 



a a is 



: mm AUB 
(ppm) (^%) a*flj 



(10) 



0-5 3 4 9 5 



17 


1. 


4 


9400 


WifcS^BAlN 


400 


4 


51 


:49 


18 


0. 


9 


9200 




390 


4 


54: 


46 


19 


1. 


8 


9500 




410 


4 


46: 


54 



[0 0 6 8] ±IE«-H«E0ilTtt, e6^S;ftffl^S« 
££-1 OmmftJ; 9 i>*£<TZZt\z£^ 

5 0 

[0 0 6 9] gjjfcffj 7 
]>»«&*£ UM9 9%©7^u7r^A l N<D*»^ 

IP*n E35tc^i-J: 9^. 2 0 g 07 J c-;U7r^A l N 
»*^b*SJW»»*7Srl|ieftrt;«ffl«>A l NSfclStf 

[0 0 7 0] r.cog]5C0AD|fA^P i **Wi-BI2i:ia 

#fflft^^coAP 5 iraiP 6 SrKttTfc^o wCDiDfKHF 

^OBNitfifil 1 ft\Z±UT*/U7TXA 1 N J© 
m v *7^Ati/cA 1 N«EfeffS«l 4Sri|X«flb3t 0 
[0 0 7 1 ] d^ADSiiPl A 
P 5 ^ b f SriA LT^rt S: 1 «E (7 6 0To 

r r) (D^m^m^tL, mm^m^4 ^2{z^v a \ 

Nj&J£tt*gl 4j&tf^<a*OJS^5fc7 £ 1 8 5 0°C 

1 4rtOft*B/S;#S:###*r LfcJS*, **»BEttO. 
0 0 O 1 To r r 9, £*3?f#J£ (P r ) 
(Po) (DJtPr/Po(j:1 00 0 0tfcot 0 
[0 0 7 2] A 1 NttJftffSS 1 4 <E>rtft« 

!>^wtt6 6ii%, s*3 4ii%ffco, m 

[0 0 7 3] ft, JttRfllt It, J^^A 1 N^SAtt 
»*S:fliv*fcEWM** ±IE*lft«7 ilB«»cLTA 1 N 

[0 0 7 4] HMffl8 
MMM7 tmCT^;l>7T *A 1 N*&3fc2 0.5gC, 
#fi*9 9%<7)T i 0 2 $&*2 9.9 6 g £jKiOU >f 

4 CAil, AD^*p 1 <7)BN±ttt§l 1 rt^lRjWL 



[0 0 7 5] w^DSRiPlrtS:— ftJES5ltLfc«, j|p 
rtl:$i^&9ALT l»JEcoS^#ia^t U Al 
NftftWSl 4 £ 1 9 0 O'CtrADffftU 6B#P^t£*#L 
fco I^^A 1 NiSM^l 4rt«iM(j:0. 
OlTorrT^t), £**#J£ (P r ) (P 
o) OJtPr/PottlO-CfcofCo 

[0 0 7 6 ] -t<7>«* % A 1 Njft£#2F» 1 4 CDJ*KfJj 
g$10 0 mm^t;S / #4 mra(7) ^ t 
TWc 0 rots*** **«7i:IBI*fcffWiUfc4:c 

pm, RXfXmi£)Vf¥~- *<^*NBHBtt5 6S>-Cfcofc. 
[0 0 7 7] Sfc, T^j^t^A 1 Nta*<7)f-tip»9(w 
A 1 Nc^S 0 B 0 S*&*^^V^c^^±t£HJ£CT8 
IrbT, A 1 Nm&Mi<D&f&$:ft^fzffe^ A 1 N^S 
*S*<OrtffiiJ^ x g£ 2 OmmMISO. 8mmC0A 

[0078] mmm 9 

iSiLtt7r^7 (0001) ilfi 

7t*A 1 Nt&*oiSJ|sH&*7Srie»An, roJHJp|.t& 
5R7^b 2 Ommltt, SMB*tf« 1 OOl(OrtiBl:i 

[0 0 7 9] ^cof&, JD«ttFl rtSr— «Jt^3l# Lfc 
^^ti^^SAttlSEcoIifigt 
U B Nttfift 114:1 6 00 'CfclJflUft LT 6 fl$fimSJ# b 
7t 0 r(7)«OBNit«l 1 rtORX^EttO. 0 0 0 1 
To r r -C*>9, mm^J± (P r ) fcBftHl^ffi (P o) 
(DkfcP r/Polil 0 Tfco/Co 

[0 0 8 0] -t^Jli*, 1^T>f 7¥*Nl7fr>fe*5 1 0 
X 1 0mmOlffi8^ffi|: % A 1 N^|£ B H B ^^jf:^ 4 
0 0/imT«*Lt^fc o :OAlN|g H B A g&Hl; 
^4 8 0 ppmT\ XS0fft-^^i(i{j:7 6f>t 

[0 0 81] itmmt IT, BNWl 1 COr^S^r 1 8 

^«fo/cd::^, 6fl#f B mM^t7 7^71ffi(7) 

[0 0 8 2] jglfeW 1 0 
MS 9 9 %C0T^yU^ 7^S i 3 N 4 |&* 3 5 . 0 7 g <h 
MS 9 9%<DT i 0 2 %fimi 4. 9 8 g Sr^i^ y — /nf>T* 

1^4v>BNtS«l lrtl:EiUAlN«3g»:S 
SSI 4^iK^L^: 0 



(11) 



0-53495 



[0 0 8 3] r^M^lrtS:-gS$§|^L^, m 

1 F*3£ 1 5 5 0°C(^D^UT6P#F^^t7t o -<7}B#<7) 

Eli0.00 5TorrtfcD,g^E(Pr) <hS§ 
gt^JE (Po) COJtP r/P oU5tfco3t 0 
[0 0 8 4] ^rco^m, A l NiSMS l 4 rtlz, « 

$ 3 0mm, (J§0. 1 mm, 1 0 /i mCO U tK^^O 

$i(l4 9 0 pprat, X^®*rfc: 0 — * tf) ^MBHg 8 5 
[0 0 8 5] ft, Jt^CDfc^iC. JKtt&££ LTA 1 N 

loose] magu i i 

-LiEliiSfll i o irai:7^u7 7 * s i 3 n 4 ©*^t i 
0,»*t^fe45llB|s|.»*SrttfflU, H2»c*i-±5 
lc N ro]R3p|-t&*7SriD*RJPl^«<0*lr^BN*&«l 1 

rti:Ettfc 0 afc. mt^m (oooi) assa* 

i:2 0 mm if tT^S b/c 0 
[0 0 8 7] Jfcjr. JJOftMpl f^^-gB^I# Lfcm, 

KM Pfe^fe (ttAIN) (Torr) 

20 Ti0 2 0.2 N 2 (760) 

21 Ti0 2 0.2 N 2 (760) 

22 Ti0 2 0.2 N 2 (760) 

23 Ti0 2 0.001 N 2 (760) 

24 Ti0 2 10.0 N 2 (760) 

[0 0 9 2] 

MM (nun) ( u in) A 1 

20 10X10 8400 92 8 

21 10X10 9300 92 8 

22 10X10 10100 92 8 

23 10X 10 310 92 8 

24 10X 10 6100 92 8 

[0093] ±fEo*ssa>b#a>a j: 5fc. xmmm\z 

tt*«MB*5 5^JKT"e*4 r U\ Sfc, 

AJR-CfcSf 1 *^***^ l 0 p p b*i»T-fcofc 

i o P P b jw± o . i */u%sxT<D$&m t-tzzt 

[00 9 4] HjfegiJ 1 3 



11* 1 5 5 0 °C^iDS\ It 6 ttMfttt Lfc 0 ~ <7}B#<0 
BNiTOi lrtO«ttrfl»«:»*»«fLfctt*, 
E»0.0 0 5TorrtfcD, (P r) t gfe 

m#J± (Po) cOJtPr/Pott5t*fcofc 0 

[0 0 8 8] ^(O^ SiC*g 0 B 0 Hi5lOmm 

x i ommtomms <o±m\z x mttr't mw&&m&3 

5 0/im(7))f^MLTV^ o r<75#J|g*«tt. mm 
i^4 7 0 ppmt, X«t°-^^«li9 0f> 

[0 0 8 9] ft N Jfc««t Ut, *Dlft*Prt<Offl«Sr 1 8 

[oo9o] mmm 1 2 

#B«9 9%<DA 1 N«&*t»ES9 9%^)T i O z «9*S: 
JB^"C\ |gj 2 KTjvf *D*MPl SrfflV^TH16«2 
^<LT/l-^^^A^ a e B cD^^^Tofc 0 Ml, Al 
N©*I^Ltat^T i O z |&*tf>*-/Ht (T i 0 2 
/K 1 N) XJ4AD«Ra*S:TIEa6^i-J:5^^t$ 

[ 0 0 9 1 ] 
[*6] 





: 0 2 #EE 


Pr/Po 




ro 


(Torr) 




ro 


1900 


0. 005 


2. 0 


1700 


1950 


0. 005 


2. 0 


1700 


2000 


0. 005 


2. 0 


1700 


1900 


0. 001 


10. 0 


1700 


1900 


0. 01 


1.0 


1700 



ems *wr mtemm 

AlElfl^B (ppm). (jj) (W/mK) 



T 

T 

Ti 

T 

Ti 



0. 06 
0. 06 
0. 06 
8ppb 
0. 15 



460 
460 
460 
250 
649 



0. 9 

4. 7 
5.2 

5. 1 
5. 5 



310 
280 
200 
220 
190 



[0 0 9 5] 
[^8] 



(12) 



ftfflW- 1 0-5 3 4 9 5 



25 
26* 



ilii 

7W/7.A1N 
SSAftAlN 



(Torr) 



(Torr) 
0. 0005 
0. 0002 



[0 0 9 6] 
I* 9 J 

(mm) 



N 2 (760) 1850 
N 2 (760) 1850 

Ha 



500000 
500000 



(°C) 



1700 
1700 



MS 

25 
26* 



450 



a i mm aibw&jb 

98 2 



(ppm) 
460 



10X10 

[0 0 9 7] ±|EO«*^e>. WMf^t LT7^7 
[0 0 9 8] HJfcflij 1 4 

*6«9 9 yo^r^e^? 7 ^ift^-Y i<^s* 2 o g \z s 

9%COT i 0 2 $&*2. 1 g (T i 0 2 /S i 3 N 4 
O^JtO. 1) StE^TOU x^/-/nf^gfg^ 

SSA^SfflcOSSi: IT, lOmm^Oci^iy 
h£*lfc6HSS i C^»g*«*r!|l#Lfc 0 
[0 0 9 9] ^(OiS^^irSffiS:. 0 6 1::*-*- J: 5 

Hft=i-f /U2(Drtffi!j(cir^ * y^^<^SSSSSl 5 Srffi 

^^^ii^fcm v te^i o, m^<Dfy«\zm<otj:^B 

[0 10 0] r^ADj»JplrtSr— jaUffitrUfca, #IS 

( 7 6 0 T o r r ) t U P*A0^\iC <t D JiMSitfifi l 0 
rtC5iS***&* 7 <omm%: 1 6 0 0°C ( S i 3 N 4 tf>$Wl¥ifi 
Si 7 5 0°C) ^JDJWi-S— 2HHR»S!l»trj; t) Sffi 
8 co/^IHl^r 1 5 0 0°Cl:#^U, 2 4NfF^t^o 

»*»BEr±0. 0 0 5 T o r r , #*#BE (P r) 
i:B£*^BE (Po) <DkkP r /P o (4 5 0 0 0 0 "Cfco 

[0 10 1] ±|E2 4«FIB^R1«;», S i C^3$ B S 0^^ 

*4 5 0 Mm<OSWft»d s J**UTV^, X^lHl*f<^*S 



*£JL^filc^<0 9 8 V % ffiStiti: 180 

[0 10 2] 



So 

[si i i mmm 1 ^v^fcjD^^^i-m^^ws^-T:- 

[0 2] HJ609 2, 6, 9, 11, 12, 13-efflV>fc 

[El 3] Hifefi?ii3, 4t?fflv^fc*a«iiPSr*i-«»^»rffi 
0-Cfc£ o 

[0 5] Hi£#|7, 8, 1 0-CffiV^JiO««3 

[06] Ultfll 4T'fflV>/c*DfinjpSr^-ri3ilaSoKfrffi0 

[»*oRfl] 



BNW 



